Fatty acid composition in the different phyla of algae from Sindh, Pakistan by Valeem, Ehsan Elahi & Shameel, Mustafa
Pakistan Journal of Marine Sciences, Vol. 17(2), 81-92, 2008 
 
FATTY ACID COMPOSITION IN THE DIFFERENT PHYLA OF 
ALGAE FROM SINDH, PAKISTAN 
 
Ehsan Elahi Valeem
 
and Mustafa Shameel 
 
Public-Private Partnership Unit, P&D Department, Govt. of Sindh, Karachi-74200, (EEV); 
Department of Botany, University of Karachi, Karachi-75270, Pakistan, (MS); 
E-mail: valeem786@hotmail.com. 
 
ABSTRACT: Altogether ninety-seven species of algae belonging to fifty-nine genera and six phyla 
(divisions) were collected from different coastal areas at Karachi and various freshwater habitats at Gadap, 
Hyderabad, Kinjhar Lake, Kotri and Petaro during September 1997 and August 1998.  They were extracted 
in chloroform:methanol, saponified, subjected to column chromatography (CC, TLC), esterified and 
analysed for fatty acid (FA) composition initially by gas-liquid-chromatography (GLC) and finally by gas 
chromatography-mass spectrometry (GC-MS). The investigated algae revealed that each phylum is 
characterized by a specific FA-profile. The uncommon acids, some typical FAs and the ratio of acids may 
appear to be useful chemotaxonomic markers. They were characterized by the largest unsaturation of C20 
UFAs, the small number of occurrence and the medium size of most of the variables of FA-diversity. 
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INTRODUCTION 
  
 Several studies have been undertaken on the fatty acid (FA) composition of seaweeds 
growing in the coastal waters of Karachi (Qasim, 1986; Shameel, 1987, 1990, 1993), algae 
occurring in the freshwater habitats of Sindh Province (Ghazala et al., 2004a, 2005; Naila et al., 
2005a,b; Shahnaz et al., 2006) of Pakistan and the brackish water algae of this area (Khaliq-uz-
Zaman et al., 1998, 2001; Shameel et al., 1999; Ghazala et al., 2004b). But no systematic 
investigation was carried out on comparing the FA-composition of various algal phyla 
(divisions). Therefore, a research programme was prepared to conduct a detailed study on the 
FA-composition of algae from this area. For this purpose ninety-seven species of algae 
belonging to six phyla were collected from various habitats of Sindh and investigated in detail. 
 
MATERIALS AND METHODS 
 
 The species of algae were collected from various water bodies in Sindh Province of 
Pakistan. The locality and date of collection of every species are mentioned in the Table 1. The 
methods used for the extraction of algal material, saponification, esterification and identification 
of the FAs were the same as described earlier (Valeem and Shameel, 2005, 2006, 2007). The 
details of the techniques and instruments used such as CC, TLC, GLC and GC-MS have already 
been given there. The different abbreviations used here, are given in the Table 2.  
 
RESULTS AND DISCUSSION 
 
It was observed that each phylum of algae is characterized by a specific FA-profile 
(Table 3). The uncommon acids, some typical FAs and the ratio of acids may appear to be 
useful chemotaxonomic markers. The pylum Cyanophycota (# 1) was found to possess 
medium number of SCFAs and VLCFAs, large number of PUFAs and substituted FAs, small 
number of monoynoic FAs with a triple bond (TB), C18 UFAs up to 6 double bonds (DBs), 
C20 and C22 UFAs up to 4 DBs, very large RCCL and FA-diversity, low quantity of palmitic 
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acid (C16:0), medium amount of oleic acid (C18:1) and no CFA and DCFA (Table 2). They 
were characterized by the highest degree of unsaturation of C18 FAs, the largest RCCL and 
the largest FA-diversity as compared to other phyla. 
The phylum Volvophycota (# 2) exhibited a few SCFAs, VLCFAs, PUFAs, CFAs and 
substituted FAs, very small quantities of C16:0 and C18:0, C18 UFAs up to 2 DBs only, C20 
UFAs up to  6 DBs, C22 UFAs with a single DB, medium RCCL and FA-diversity, and lack 
of monoynoic FA and DCFA (Table 3). They were characterized by the lowest amounts of 
C16:0 and C18:1, high degree of unsaturation of C20 acids and low unsaturation of C22 acids 
in comparison with the other phyla. 
The lipid profiles of microalgae enable them to have a great nutritional value for the diet 
of fish larvae and hatchlings as commonly used in hatcheries. They exhibit a higher content of 
protein and carbohydrate and a lower content of lipid. Major lipids in all microalgae 
comprised mono-, di- and tri-glycerides and polar lipids (Ben-Amotz et al., 1987). However, 
the efficacy of the food algae in increasing the survival of fish larvae in hatcheries is not 
obvious on the sole basis of FA-composition. After settling, they enhance the PUFA-
concentration in the particulate matter and sediments of the aquatic environment. High 
concentration of PUFAs were found in the sediments where phytoplankton blooms occurred 
in water (Budge et al., 2001). Total lipid contents of the green microalgae were observed to be 
more than 10 % on dry weight basis (Li & Zhou, 1999). 
In the present study on the members of Volvophycota the UFAs were observed to be more in 
amount (65.74 %) than that of SFAs (34.26 %). However, the FAs in polar lipids from two species 
of Chlamydomonas were found to be more saturated than unsaturated ones (Tatsuzawa et al., 
1996). A probable explanation might be that presently investigated microalgae were obtained from 
high pH environment, while Chlamydomonas was grown in medium at pH 1. This low pH caused 
the saturation of FAs in membrane lipids to decrease membrane lipid fluidity. 
Algae of the phylum Chlorophycota (# 3) have shown large number of SCFAs, VLCFAs, 
PUFAs and substituted FAs, a few monoynoic FA, CFAs and DCFAs, large quantity of C16:0, 
low amount of C18:1, C18 and C22 UFAs up to five DBs, C20 UFAs up to  six DBs, long 
RCCL and very large FA-diversity. They were characterized by the largest number of SCFAs, 
VLCFAs and substituted FAs, highly unsaturated C18, C20 and C22 acids, the largest FA-
diversity and presence of all categories of FAs as compared to other phyla of algae. 
The PUFAs were found in large quantity and SFAs in small proportion in several green 
macrophytes (Wahbeh 1997, Khotimchenko 2002b). They appear to be potential sources of 
dietary protein and lipid for fish feeding. Their major PUFAs were observed to be of C16, 
C18 and C20 types (Kaneniwa et al., 1998, Nelson et al., 2002). Knowledge obtained 
regarding macroalgal lipid composition may prove useful in raising mariculture species. The 
FA-profile does not depend on the geographic location of the algae. Algal habitat conditions 
affect quantitative characteristics of the FAs. The content of PUFAs in algae from California 
was found to be noticeably higher for most of the algal species examined in comparison with 
the same or related species from other regions (Khotimchenko et al., 2002). Seasonal 
variations may also have a bearing on the FA-composition (Haroon et al., 2000). 
Members of the phylum Charophycota (# 4) possessed  small number of SCFAs, 
VLCFAs, PUFAs, monoynoic and substituted FAs, no CFA and DCFA, small quantity of 
C16:0, medium amount of C18:1, C18 UFAs up to five DBs, C20 UFAs up to six DBs, C22 
UFAs up to  four DBs, medium RCCL and FA-diversity. They were characterized by the 
largest unsaturation of C20 UFAs and small number of occurrence and medium size of the 
most of the variable FA-diversity. This group resembled land plants rather than green algae in 
short RCCL and small number of VLCFAs and PUFAs. Land plants usually contain FAs with 
a chain length up to C18 (Pohl & Zurheide, 1979), and only a few terrestrial plants are able to 
synthesize C18:4 or C20- and C22-PUFAs (Shameel et al., 1999). 
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Table 1. Locality and date of collection of the investigated algal species (taxonomically 
arranged according to Shameel, 2001, 2008). 
Algal Taxa Locality Date  
KINGDOM  MONERA 
PHYLUM  CYANOPHYCOTA 
CLASS CHROOCOPHYCEAE 
ORDER  Chroococcales 
Family  Chroococcaceae 
  
Aphanothece pallida (Kützing) Rabenhorst Hyderabad October 1997 
Aphanothece stagnina (Sprengel) A. Braun Tando Muhammad Khan September 1997 
Microcystis aeruginosa (Kützing) Kützing Khadeji Fall October 1997 
CLASS NOSTOCOPHYCEAE 
ORDER  Nostocales 
Family  Oscillatoraceae 
  
Lyngbya hieronymusii Lemmermann Tando Muhammad Khan November 1997 
Lyngbya majuscula (Dillwyn) Harvey Jamshoro December 1997 
Lyngbya martensiana Meneghini ex Gomont Jamshoro April 1998 
Oscillatoria princeps Vaucher Jamshoro August 1998 
Oscillatoria sancta (Kützing) Gomont Manora December 1997 
Family  Rivularaceae   
Gloeotrichia natans (Hedwig) Rabenhorst  
ex Bornet et Flahault 
Tando Muhammad Khan December 1997 
Gloeotrichia raciborskii Woloszynska Petaro October 1997 
KINGDOM  PROTISTA 
PHYLUM  VOLVOPHYCOTA 
CLASS VOLVOCOPHYCEAE 
ORDER  Tetrasporales 
Family  Tetrasporaceae 
  
Tetraspora cylindrica (Wahlenberg) Agardh Jamshoro March 1998 
Tetraspora gelatinosa (Vaucher) Desvaux Hyderabad December 1997 
ORDER  Chlorococcales 
Family  Cholorococaceae 
  
Chlorococcum humicolum (Nägeli) Rabenhorst Hyderabad September 1997 
Family  Hydrodictyaceae   
Hydrodictyon reticulatum (Linnaeus) Lagerheim Bhit Shah November 1997 
KINGDOM  PHYCOTA 
PHYLUM  CHLOROPHYCOTA 
CLASS ULVOPHYCEAE  
ORDER  Ulvales 
Family  Ulvaceae 
  
Enteromorpha intestinalis (Linnaeus) Nees Sandspit Pump IV January 1998 
Ulva anandii Amjad et Shameel Buleji February 1998 
Ulva fasciata Delile Buleji January 1998 
Ulva lactuca Linnaeus Buleji January 1998 
Ulva taeniata (Setchell) Setchell et Gardner Buleji November 1997 
Table 1 Cont’d… 
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Algal Taxa Locality Date  
ORDER  Microsporales 
Family  Microsporaceae 
  
Microspora floccosa (Vaucher) Thuret Jamshoro September 1997 
ORDER  Chaetophorales 
Family  Chaetophoraceae 
  
Chaetophora elegans (Roth) Agardh Khadeji Fall September 1997 
CLASS ZYGNEMOPHYCEAE 
ORDER  Zygnemales 
Family  Zygnemaceae 
  
Spirogyra hyalina Cleve Hyderabad May 1998 
Spirogyra rhizoides Randhawa Gharo (National Highway) October 1997 
Zygnema czurdae Randhawa Khari December 1997 
Zygnema stellinum (Vaucher) C.A. Agardh Tando Adam (Kandiari) February 1998 
Zygnema tenue Kützing Hyderabad February 1998 
CLASS SIPHONOCLADOPHYCEAE 
ORDER  Cladophorales 
Family  Cladophoraceae 
  
Chaetomorpha antennina (Bory de Saint- 
Vincent) Kützing 
Buleji December 1997 
Cladophora albida (Nees) Kützing Sandspit Pump IV January 1998 
Cladophora glomerata (Linnaeus) Kützing Jamshoro September 1997 
Cladophora okamurai (Ueda) van den Hoek Gadap January 1998 
Cladophora uncinella Harvey Sandspit Pump IV January 1998 
Pithophora oedogonia (Montagne) Wittrock Tando Muhammad Khan January 1998 
Rhizoclonium hieroglyphicum (C.A. Agardh)  
Kützing 
Hyderabad October 1997 
ORDER  Siphonocladales 
Family  Siphonocladaceae 
  
Valoniopsis pachynema (Martens) Børgesen Naugaza Mazar February 1998 
ORDER  Derbesalesales 
Family  Derbesaceae 
  
Bryopsis pennata Lamouroux Pacha February 1998 
ORDER  Codiales 
Family  Codiaceae 
  
Codium decorticatum (Woodward) Howe Naugaza Mazar February 1998 
Codium dwarkense Børgesen Buleji January 1998 
Codium flabellatum Silva ex Nizamuddin Buleji April 1998 
Codium iyengarii Børgesen Buleji January 1998 
ORDER  Caulerpales 
Family  Udoteaceae 
  
Halimeda tuna (Ellis et Solander) Lamouroux Buleji January 1998 
Udotea indica A. et E. S. Gepp Buleji March 1998 
Table 1 Cont’d… 
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Algal Taxa Locality Date  
Family  Caulerpaceae   
Caulerpa chemnitzia (Esper) Lamouroux Buleji December 1997 
Caulerpa faridii Nizamuddin Manora December 1997 
Caulerpa manorensis Nizamuddin Manora December 1997 
Caulerpa qureshii Nizamuddin Buleji February 1998 
Caulerpa racemosa (Forsskål) J. Agardh Buleji January 1998 
Caulerpa scalpeliformis (R Brown ex 
Turner) C. Agardh 
Cape Monze February 1998 
Caulerpa taxifolia (Vahl) C. Agardh  Pacha February 1998 
Caulerpa veravalensis Thivy et Chauhan Naugaza Mazar February 1998 
PHYLUM  CHAROPHYCOTA 
CLASS CHAROPHYCEAE 
ORDER  Charales 
Family  Characeae 
  
Chara contraria A. Braun ex Kützing Hyderabad December 1997 
Chara wallichii A. Braun Petaro October 1997 
Chara zeylanica Willdenow Gadap January 1998 
Nitella flexilis (Linnaeus) C.A. Agardh Kinjhar Lake November 1997 
Nitella hyalina (De Candolle) Agardh Kotri May 1998 
PHYLUM  PHAEOPHYCOTA 
CLASS DICTYOPHYCEAE 
ORDER  Ectocarpales 
Family  Ectocarpaceae 
  
Hinksia mitchelliae (Harvey)  Silva Hawkes Bay September 1997 
ORDER  Dictyotales 
Family  Dictyotaceae 
  
Dictyopteris australis (Sonder) Askenasy Somar Goth February 1998 
Dictyota dichotoma (Hudsen) Lamouroux Cape Monze February 1998 
Dictyota dumosa Børgesen Sandspit June 1998 
Dictyota hauckiana Nizamuddin Buleji January 1998 
Dictyota indica Sonder ex Kützing Buleji January 1998 
Dictyota maxima Zanardini Sandspit July 1998 
Padina tetrastromatica Hauck Buleji January 1998 
Spatoglossum variabile Figari et De Notaris Naugaza Mazar February 1998 
Stoechospermum marginatum (C. Agardh)  
Kützing 
Buleji January 1998 
CLASS LAMINAROPHYCEAE 
ORDER  Scytosiphonales 
Family  Scytosiphonaceae 
  
Colpomenia sinuosa (Mertens ex Roth) 
Derbès  et Solier 
Buleji February 1998 
Iyengaria stellata (Børgesen) Børgesen Buleji January 1998 
Table 1 Cont’d… 
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Algal Taxa Locality Date  
CLASS FUCOPHYCEAE 
ORDER  Fucales 
Family  Cystoseiraceae 
  
Cystoseira indica (Thivy et Doshi) Mairh Buleji January 1998 
Jolyna laminarioides Guimarâes Buleji October 1997 
Family  Sargassaceae   
Sargassum swartzii (Turner) C. Agardh Buleji January 1998 
Sargassum tenerrimum J. Agardh Buleji January 1998 
PHYLUM  RHODOPHYCOTA 
CLASS BANGOPHYCEAE 
ORDER  Bangales 
Family  Bangaceae 
  
Bangia atropurpuria (Roth) C. Agardh Buleji December 1997 
Porphyra vietnamensis Tanaka et Pham- 
hoàng Hô 
Paradise Point September 1997 
CLASS NEMALOPHYCEAE 
ORDER  Nemalales 
Family  Liagoraceae 
  
Dermonema abbottiae Afaq-Husain,  
Nizamuddin et Shameel 
Naugaza Mazar July 1998 
Helminthocladia nizamuddinii Afaq-Husain  
et Shameel 
Paradise Point December 1998 
ORDER  Gelidales 
Family  Gelidaceae 
  
Gelidium usmanghanii Afaq-Husain et 
Shameel 
Paradise Point December 1998 
CLASS CERAMOPHYCEAE 
ORDER  Gracilarales 
Family  Gracilaraceae 
  
Gracilaria foliifera (Forsskål) Børgesen Buleji October 1997 
Family  Hypneaceae   
Hypnea musciformis (Wulfen) Lamouroux Clifton February 1998 
Hypnea pannosa J. Agardh Pacha February 1998 
Hypnea valentiae (Turner) Montagne Cape Monze February 1998 
ORDER  Bonnemaisonales 
Family  Bonnemaisonaceae 
  
Asparagopsis taxiforms (Delile) Trevisan Buleji March 1998 
ORDER  Gigartinales 
Family  Sebdenaceae 
  
Sebdenia flabellata (J. Agardh) Parkinson Buleji November 1997 
Family  Solieraceae   
Sarconema filiforme (Sonder) Kylin Buleji March 1998 
Soliera robusta (Greville) Kylin Sandspit March 1998 
Table 1 Cont’d… 
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Algal Taxa Locality Date  
Family  Cystoclonaceae   
Calliblepharis fimbriata (Greville) Kützing Buleji May 1998 
Family  Galaxauraceae   
Scinaia fasicularis (Børgesen) Huisman Buleji February 1998 
Scinaia hatei Børgesen Manora May 1998 
Scinaia moniliformis J. Agardh Hawkes Bay April 1998 
Scinaia saifullahii Afaq-Husain et Shameel Naugaza Mazar December 1997 
ORDER  Cryptonemales 
Family  Cryptonemaceae 
  
Halymenia porphyraeformis Parkinsen Naugaza Mazar February 1998 
ORDER  Rhodymenales 
Family  Champaceae 
  
Champia compressa Harvey Buleji January 1998 
ORDER  Ceramales 
Family  Ceramaceae 
  
Centroceras clavulatum (C. Agardh)  
Montagne 
Buleji March 1998 
Family  Delesseraceae   
Cottoniella filamentosa Børgesen Buleji September 1997 
Family  Rhodomelaceae   
Acanthophora spicifera (Vahl) Børgesen Manora October 1997 
Coelarthrum muelleri (Sonder) Børgesen Manora November 1997 
Laurencia obtusa (Hudson) Lamouroux Buleji December 1997 
Melanothamnus afaqhusainii Shameel Buleji October 1998 
Osmundea pinnatifida (Hudson) Stackhouse Pacha December 1997 
 
Investigated algae of the phylum Phaeophycota (# 5) displayed only a few SCFAs, 
PUFAs and substituted FAs, no VLCFA, C22 UFA, CFA, DCFA and monoynoic FA, large 
amount of C16:0, very large quantity of C18:1, very small RCCL and FA-diversity, C18 
UFAs up to four DBs, C20 UFAs up to three DBs only (Table 3). They were characterized by 
the largest amount of C18:1, lowest degree of unsaturation of C20 UFAs, lack of C22 UFAs, 
the shortest RCCL and the smallest FA-diversity as compared to other phyla. 
The FA-profile of brown seaweeds has a great bearing as a source of nutrition for fish 
and other herbivores. In general, the algal assemblage in the lotic environment represents food 
resources of high nutritional quality (Steinman et al., 1988). Some high light intensity usually 
increased the quantitative levels of most SFAs (Floreto and Teshima, 1988). Some species of 
brown algae appear to be potential sources of dietary protein and lipid for fish feeding 
(Wahbeh, 1997). Coral reef fishes assimilate detrital aggregates and confirm that detritus is a 
valuable dietary resource on coral reefs (Wilson et al., 2001). The seaweeds could be a good 
source of dietary fibre in diet but they may modify digestibility of dietary protein and 
minerals (Urbano and Goni, 2002). 
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Table 2. Explanation of the abbreviations or symbols used. 
Term Explanation Term Explanation 
ALA α-Linolenic acid DUFA Diunsaturated fatty acid 
C Carbon EPA Eicosapentaenoic acid 
CC Column chromatography ETOAC Ethyl Acetate 
c
C Cyclic fatty acid (CFA) Et2O Diethyl ether 
CFA Cyclic fatty acid EtOH Ethanol 
CLA  FA Fatty acid 
Cn:0 Saturated Fatty acid (SFA) GC-MS 
Gas chromatography – mass 
spectrometry 
Cn:1 Monounsaturated fatty acid (MUFA) GLC Gas-liquid-chromatography 
Cn:2 Diunsaturated fatty acid (DUFA) h Hour 
Cn:3 Triunsaturated fatty acid (TUFA) MeOH Methanol 
Cn:4 Polyunsaturated fatty acid MUFA Monounsaturated fatty acid 
Cn:5 Polyunsaturated fatty acid PUFA Polyunsaturated fatty acid (with 4-8 DBs) 
Cn:6 Polyunsaturated fatty acid RCCL Range of C chain length 
Cn:8 Polyunsaturated fatty acid SCFA Short chain fatty acid (< 9 C) 
Cn1 Monoynoic fatty acid SFA Saturated fatty acid 
CUFA Cyclic unsaturated fatty acid 
s
C Substituted fatty acid 
d
C Dicarboxylic fatty acid (DCFA) TB Triple Bond 
DB Double Bond TUFA Triunsaturated fatty acid 
DCFA Dicarboxylic fatty acid TLC Thin layer chromatography 
DHA Docosahexaenoic acid UFA Unsaturated fatty acid 
DPA Docosapentaenoic acid VLCFA Very long chain fatty acid  (>25 C) 
 
There is a strong variation in the distribution pattern and in the relative percentages of 
FA-components of brown seaweeds. In most cases, however, these variations in FA-
compositions are species-specific. Lipids extracted from them were found to have 
considerably higher levels of SFAs indicating that they are potentially a better source of these 
acids (El-Naggar et al., 1995). The major FAs other than C16:0 were observed to be C14:0, 
C16:1 (n-7), C18:1 (n-7), C18:2 (n-6), C18 (n-3), C20:4 (n-6) and C20:5 (n-3) in the brown 
algae obtained from the Yamaguchi prefecture coast (Kaneniva et al., 1998). The FA-
composition of some species were found to be affected by thallus parts. Small phylloids and 
air bladders of Sargassum pallidum contained much higher proportion of C20:3 (n-6) as 
compared with large phylloids (Khotimchenko and Vaskovsky, 2000). The triacylglycerols 
were rich in dihomo-gammalinolenic acid (C20:3) as compared to other lipids. Higher levels 
of triacylglycerols occurred in some brown algae (Nelson et al., 2002). 
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Table 3. Comparative FA-composition of different algal phyla (abbreviations have been 
explained in Table 2). 
Type of FA Unit 
Algal Phyla 
1 2 3 4 5 6 
SCFAs % 2.76 1.61 3.01 4.55 0.59 0.87 
VLCFAs % 4.61 4.84 4.73 2.73 - 1.17 
PUFAs % 5.53 4.84 2.30 4.55 1.18 2.04 
C16:0  % 19.33 2.42 23.95 10.98 23.70 24.62 
C18:1  % 5.81 1.54 4.55 5.62 14.46 5.40 
C18 UFAs  DBs 1-3, 5-6 1-2 1-5 1-3, 5 1-4 1-4 
C20 UFAs  DBs 1, 4 1, 6 1-2, 4-6 1, 6 2-3 1-5 
C22 UFAs  DBs 1, 4 1 1, 4-5 1, 4 - 1 
Monoynoic FAs % 1.38 - 0.57 0.91 - - 
Substituted FAs % 6.91 8.06 4.59 4.55 1.18 0.29 
CFAs % - 1.61 0.14 - - - 
DCFAs % - - 0.43 - - - 
RCCL  C-C 5-33 5-29 3-30 7-29 8-24 7-32 
FA-diversity  acids 6-39 4-24 3-39 16-28 4-22 6-24 
1 = Cyanophycota, 2 = Volvophycota, 3 = Chlorophycota, 4 = Charophycota, 5 = Phaeophycota,  
6 = Rhodophycota, - = not detected 
 
Members of the phylum Rhodophycota (# 6) contained no CFA, DCFA and monoynoic 
FA, a few SCFAs, VLCFAs, PUFAs and substituted FAs,  very large quantity of C16:0, 
medium amount of C18:1, C18 UFAs up to four DBs, C20 UFAs up to five DBs, C22 UFAs 
with a single DB,  large RCCL and small FA-diversity (Table 3). They were characterized by 
the largest quantity of C16:0, the smallest degree of unsaturation of C22 UFAs, absence or 
poor representation of all the categories of FAs as compared to other phyla of algae. 
The major FAs of red algae other than C16:0 are usually found to be C14:0, C16:1 (n-7), 
C18:1 (n-9), C18:1 (n-7), C20:4 (n-6) and C20:5 (n-3). The C number of their major PUFAs 
is 20 (Kaneniwa et al., 1998; Hayee-Memon and Shameel, 1999; Kamenarska et al., 2001). In 
some filamentous red species eicosapentaenoic acid (EPA, C20:5ω3) occurred in an amount 
of more than 70 % of the total FAs (Chen and Chou, 2002; Nelson et al., 2002). These red 
algae have good potential for EPA mass production in pilot plants. Specific patterns of FA-
distribution in individual glycolipids vary in different algal phyla. In Rhodophycota, the 
PUFAs with maximum unsaturation were concentrated in monoglactosyldiacylglyceride. The 
highest concentration of SFAs and MUFAs were found in sulfoquinosyldiacylglyceride 
(Khotimchenko, 2002a). Usually in red algae the polar compounds predominate, which are 
soluble in alcohol and water. Compared to the lipophilic substances they more often possess a 
biological activity, which may be due to the presence of a mixture of FAs such as capric, 
lauric, linoleic, myristic, oleic, palmitic, stearic acids etc. (Kamenarska et al., 2002). 
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